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EFFECTS OF REDUCTION ON
ENGLISH RATE PERCEIVED BY
JAPANESE L2 LEARNERS OF ENGLISH
Yoshito Hirozane
1. Introduction
Japanese learners of English often complain that English is 
spoken fast.  They believe that English speakers speak English faster 
than Japanese speakers normally speak Japanese.  Abercrombie (1967) 
describes a situation like this as follows: “Everyone who starts learning a 
foreign language, incidentally, has the impression that its native speakers 
use an exceptionally rapid tempo.”
Many researchers have measured the speaking rate, which refers 
to the rate including pauses, and the articulation rate, which refers to the 
rate excluding pauses, of American English (Chermak & Schneiderman, 
1986; Crystal & House, 1990; Kent & Forner, 1980; Kowal, O’Connell, 
& Sabin, 1975; Robb & Gillon, 2007; Robb, Maclagan, & Chen, 2004; 
Sharf & Lehman, 1984; Tsao & Weismer, 1997; Walker, 1988).  All of 
the results from these studies combined indicate an approximate speaking 
rate of 260 spm (syllables per minute) for reading tasks and 220 spm for 
spontaneous speech tasks.  Articulation rate data have been collected only 
for reading tasks with an approximate rate of 300 spm.  As for British 
English, the average speaking rate for various spontaneous speech tasks 
is 240 spm (Tauroza & Allison, 1990).  
Japanese learners of English at the lower intermediate level 
begin to find it hard to understand English when its speech rate exceeds 
3.8 syllables per second (Griffiths, 1992), which is equivalent to 228 
spm.  Although comprehension difficulty is not always correlated with 
a perceptually faster rate, it seems that Japanese learners of English 
perceive most of the English utterances, which native speakers of English 
consider normal in rate, as fast.
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The complaints from the Japanese learners of English are legitimate 
if English is really spoken faster than Japanese.  Physically speaking, 
however, there is no significant difference in rate between the two 
languages (Osser & Peng, 1964).  It sets up such an interesting paradox 
that Japanese speakers perceive English as fast although it is spoken at a 
rate that is no different than the rate of Japanese.
I would assume that Japanese speakers perceive English as faster 
than English speakers perceive it because English contains some phonetic 
features, not present in Japanese, which conjure up in the mind of 
Japanese speakers an impression that it is being spoken very quickly.
Reduction is one of the major phonetic features of English which 
makes it difficult for L2 learners to understand spoken English (Brown, 
1990).  Since reduction is not very common in Japanese, which has 
no strong and weak contrasts among syllables, weak form words and 
other words pronounced with a fair amount of reduction are often very 
challenging for most Japanese learners of English.  English textbooks for 
listening comprehension published in Japan usually devote a number of 
lessons to explaining what the reduction is and how they actually sound. 
There is even a textbook (Kobayashi & Linde, 1984) aiming solely at 
helping students listen to reduced forms better.  Reduction could be one 
of the phonetic features of English which contribute to increase its rate 
perceived by Japanese speakers.
An experiment was conducted to investigate whether reduction 
affects English rate perception by Japanese speakers.  Japanese speakers 
and English speakers were presented with pairs of English sentences 
which had exactly the same physical rates but were different in levels of 
reduction, and were asked to indicate which sentence sounded how much 
faster to them.
2. Experiment
2.1. Participants
Twenty-three native Japanese speakers (4 males and 19 females) 
participated in the experiment.  They were all undergraduate students 
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of Mejiro University in Tokyo, Japan.  All of them majored in English. 
Before they entered university they had had at least 6 years of English 
education since junior high school.  Their English skills were at a lower 
intermediate level on average.
As a control group, 25 native English speakers (25 females) 
participated in the experiment.  They were all undergraduate students of 
Macquarie University in Sydney, Australia.  None of them had studied 
Japanese as a foreign language before the experiment.
None of the participants had any hearing loss or hearing 
impairment.  
2.2. Stimuli
The stimulus tokens had to be controlled over reduction levels: 
highly reduced, moderately reduced, and hardly reduced.  So the 
experimental tokens with different levels of reduction were obtained in 
the following way.
Reduced forms are, not always but generally, more likely to occur 
in rapid speech.  Different reduction levels are hence assumed to be 
realized in the same sentence read at different tempos.  A sentence based 
on “The Rainbow Passage” (Fairbanks, 1960) shown below was read by 
an Australian English speaker at three different tempos (fast, normal, and 
slow) and recorded digitally in a soundproof room.  For the slow tempo, 
the informant speaker was asked to enunciate every word rather than read 
it just slowly because the final objective was to obtain the most explicit, 
least reduced pronunciation.  Two phoneticians listened to the tokens read 
at three different tempos and they agreed that different levels of reduction 
were realized in the tokens.  
A sentence based on “The Rainbow Passage”
The rainbow is an actual bow right over the sky that has got 
different colours.
The instructions given to elicit the slow tempo were exactly the 
same as the instructions given to elicit ‘clear speech’ (Uchanski, 2005). 
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Clear speech has several characteristics that make it distinct from 
‘conversational speech’.  If the slow tempo token was really categorized 
as clear speech, it may have biased the results because clear speech is 
not only least reduced but also more intelligible than conversational 
speech.  We must be aware that the duration of the token is manipulated 
later and adjusted at 3800 ms.  The speaking rate of the final slow tempo 
token was re-calculated as approximately 200 wpm including supposed 
intersentence pauses of 700 ms.  Picheny, Durlach, & Braida (1986) 
reported speaking rates of 160 to 205 wpm for conversational speech and 
90 to 100 wpm for clear speech.  The final slow tempo token falls within 
the speaking rate range of conversational speech rather than clear speech. 
Even if the intelligibility of the slow tempo token is higher, the benefit 
is somewhat cancelled out by the faster tempo than it usually realized at. 
Furthermore, Bradlow & Bent (2002) examined the benefit of speaking 
clearly for a group of young adult listeners who have normal hearing 
but are not native English listeners.  They found that a clear speaking 
style was still beneficial but that the size of the overall intelligibility 
advantage was substantially smaller for non-native listeners than for the 
native listeners.  I think that the clear vs. conversational speech issue is 
ignorable here at least for Japanese speakers.  The stimulus tokens were 
also controlled over their durations because we would not otherwise 
have been able to know whether the rate judgment was affected by the 
reduction levels or the durational differences.  The duration control was 
done by Praat’s duration manipulation function.
The recorded sentences originally had different durations.  To adjust 
the durations, the fast sentence was extended and the normal and slow 
sentences were compressed to the duration of 3800 ms.  It could have 
been possible to adjust the durations to one of the three original durations, 
for example, to the normal.  But extension or compression of speech is 
always accompanied by some distortion and the intact token would have 
had an advantage of sounding more natural than the other two adjusted 
ones.  All the three sentences were thus adjusted in duration to be fair 
in terms of naturalness.  The adjusted duration of 3800 ms is just a little 
below the median of the range of the three original durations and none 
of the tokens at the adjusted duration had perceivable noise or cracking 
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sounds due to the adjustment.  Table 1 shows the original durations, the 
adjusted durations, and the extension ratios.
Now we have three tokens which are identical in duration but 
different in reduction levels: highly reduced, moderately reduced, and 
hardly reduced.
Table 1  Original duration, adjusted duration and extension ratio of 
the stimulus tokens
Reduction
level
Original
duration (ms)
Adjusted
duration (ms)
Extension
ratio
Highly 2430 3800 1.56
Moderately 4340 3800 0.88
Hardly 5694 3800 0.67
 2.3. Procedures 
The method of paired comparison was employed in this experiment. 
For the Japanese speakers, the experiment was conducted on one 
participant at a time in a quiet room.  The presentation of the stimuli and 
the collection of perception data were controlled by Praat (Boersma & 
Weenink, 2009).  The participant was seated in front of a computer screen 
showing five rectangles labelled in Japanese “HAYAI” (fast), “YAYA 
HAYAI” (slightly fast), “ONAJI” (same), “YAYA HAYAI” (slightly 
fast), “HAYAI” (fast) which were lined up horizontally from left to right 
in this order.
The three stimulus tokens (highly reduced, moderately reduced, 
and hardly reduced) were paired in different orders to make six stimulus 
token pairs.  They were randomly presented to the participant over 
the headphones with an interval of 0.5s between the stimulus tokens. 
The order of presentation of the pairs was counterbalanced across the 
participants.  After the presentation of each pair of the stimulus tokens 
they were asked to indicate which stimulus sentence of a given pair 
sounded faster or slightly faster or whether both sounded the same in rate 
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by clicking one of the five rectangles on the screen.  The left end rectangle 
was to be clicked if the first stimulus of the pair sounded faster than the 
second and the second left rectangle was to be clicked if the first stimulus 
sounded slightly faster than the second.  The right end rectangle was to 
be clicked if the second stimulus of the pair sounded faster than the first 
and the second right rectangle was to be clicked if the second stimulus 
sounded slightly faster than the first.  The rectangle in the middle was to 
be clicked if both stimuli sounded the same in rate.  Each judgment was 
given a score shown in Table 2.  The total number of trials was six.
The participant was given ample time for response because the 
Praat script for the experiment was programmed so that a new trial might 
not start before each response was completed.  The task was somewhat 
hard to explain but once the idea was understood it was easy to carry out. 
No participant was confused about the task during the experiment.  
For the English speakers, the experiment was conducted in small 
groups in the perception experiment room at Macquarie University.  No 
computer software was used.  The stimulus sentences were presented 
to the English speakers just the same way as to the Japanese speakers 
except that the order of presentation of the stimulus pairs was not 
counterbalanced across the participants.  They were asked to indicate 
their responses on a sheet of paper by circling one of the five options (“1st 
much faster”, “1st a bit faster”, “same”, “2nd a bit faster”, “2nd much 
faster”) printed on it.  The five options correspond to the five rectangles 
presented to the Japanese speakers as their options to choose from.  The 
scores shown in Table 2 were allocated to the judgements of the English 
speakers just as they were for the Japanese speakers’.
Table 2  Relative perceived rate and corresponding score
Score Relative perceived rate
-2 1st FASTER than 2nd
-1 1st SLIGHTLY FASTER than 2nd
0 1st THE SAME as 2nd
1 2nd SLIGHTLY FASTER than 1st
2 2nd FASTER than 1st
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2.4. Results
A summary of the analysis of variance conducted on the present 
experiment is shown in Table 3 for the Japanese speakers and in Table 4 
for the English speakers.  
For both the Japanese and English speakers, a significant difference 
was observed between Stimuli and Stimuli x Subject for an alpha level 
of 0.01.  This means that the perceived rates were significantly different 
among stimuli, and that there are several unspecified groups of subjects 
whose responses were significantly different from one another.  
Only for English speakers, a significant difference was observed 
between Position and Position x Subject for an alpha level of 0.05.
 
Table 3  Analysis of variance table (Japanese speakers)
Factor Variance Degrees of freedom
Unbiased
 variance F0 Significance
Stimuli 91.61 2 45.80 61.07  **
Stimuli×Subject 74.39 44 1.69 2.25  **
Combination 0.00 1 0.00 0.00
Position 0.00 1 0.00 0.00
Position×Subject 5.00 22 0.23 0.30
Residual 51.00 68 0.75 ---
Total 222 138
   
Table 4  Analysis of variance table (English speakers)
Factor Variance Degrees offreedom
Unbiased 
variance F0 Significance
Stimuli 48.57 2 24.29 32.29  **
Stimuli×Subject 110.43 48 2.30 3.06  **
Combination 0.67 1 0.67 0.89
Position 3.23 1 3.23 4.29  *
Position×Subject 33.44 24 1.39 1.85  *
Residual 55.67 74 0.75 ---
Total 252.00 150
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The total cross tabulation is shown in Table 5 for Japanese speakers 
and in Table 6 for English speakers.  The total cross tabulation is an 
accumulation of scores of all the subjects where a higher score of (X.j.-
Xi..) represents the faster perceptual rate.  According to the score of (X.j.-
Xi..), the hardly reduced token was perceived as the fastest and the highly 
reduced token the slowest of the three stimuli by both Japanese speakers 
and English speakers.
 
Table 5  The total cross tabulation (Japanese speakers)
Highly Moderately Hardly Xi..
Highly 16 29 45
Moderately -10 8 -2
Hardly -24 -19 -43
X.j. -34 -3 37 X…
X.j.-Xi.. -79 -1 80 0
Table 6  The total cross tabulation (English speakers)
Highly Moderately Hardly Xi..
Highly -2 14 12
Moderately -11 16 5
Hardly -20 -19 -39
X.j. -31 -21 30 X…
X.j.-Xi.. -43 -26 69 -22
To test the significance of differences between the stimuli, each 
stimulus was allocated on a yardstick according to the coordinate
obtained from the following formula:
= (1/2nN)(X.j.-Xi..)  where n equals the number of stimuli and N 
equals the number of subjects
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The distance between the stimuli on the yardstick represents how 
large the perceived difference was.  The longer the distance, the larger the 
perceived difference.  The significance of difference between the stimuli 
was tested by comparing the distance to the studentised value of the 
yardstick, Y0.01 for an alpha level of 0.01 and Y0.05 for an alpha level of 
0.05.  A summary of the test and its schematic view are shown in Table 7 
and Figure 1 for the Japanese speakers and in Table 8 and Figure 2 for the 
English speakers.
 
Table 7  Statistical significance of differences between the stimuli and 
yardsticks for significance levels of 0.01 (Y0.01) and 0.05 (Y0.05) 
(Japanese speakers)
Y0.01: 0.32
Y0.05: 0.25
Highly Moderately Hardly
Coordinate -0.57 -0.01 0.58
Highly -0.57 0.56 ** 1.16 **
Moderately -0.01 0.59 **
Hardly 0.58 
Figure 1  The yardstick (Japanese speakers)
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Table 8  Statistical significance of differences between the stimuli and 
yardsticks for significance levels of 0.01 (Y0.01) and 0.05 (Y0.05) 
(English speakers)
Y0.01: 0.30
Y0.05: 0.24
Highly Moderately Hardly
Coordinate -0.29 -0.17 0.46
Highly -0.29 0.12 0.75 **
Moderately -0.17 0.63 **
Hardly 0.46 
 
Figure 2  The yardstick (English speakers)
For Japanese speakers, there was a significant difference between 
the highly reduced and the moderately/hardly reduced sentences, and 
also between the moderately reduced and the hardly reduced sentences. 
Japanese speakers perceived the hardly reduced sentence as the fastest 
and the highly reduced sentence as the slowest.  
For English speakers, there was a significant difference between 
the highly/moderately reduced and the hardly reduced sentences, whereas 
no significant difference was observed between the highly reduced and 
the moderately reduced sentences.  English speakers perceived the hardly 
reduced sentence as the fastest of the three.  But they did not perceive 
any significant difference in rate between the highly reduced and the 
moderately reduced sentences.
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3. Discussion
Discrepancy between our belief and reality
Since reduction is considered a major cause of difficulty for 
Japanese learners of English to understand spoken English, we had 
hypothesized that the more reduced sentences would be perceived as 
faster than the less reduced sentences.  But the results show that the 
opposite is the case.  The less reduced sentences were perceived as faster 
than the more reduced sentences.
We have to remember, however, that the stimuli had been extended 
or compressed to be made equal in length, which was a necessary 
manipulation to exclude the effects of physical rate difference on rate 
perception.  Such extended or compressed speech is not fully natural 
speech and this can be a methodological drawback of the present 
experiment.  The tokens used may have been criticized as having 
artefacts.  But they had good points, too.  There is no doubt that they 
all had different levels of reduction and that their physical rates were 
exactly the same.  The reduction levels and the durations were very well 
controlled so that only the effects of reduction on rate perception could be 
examined.
The results, therefore, have to be interpreted as participants’ 
reactions under limited conditions.  What they suggest is that we tend to 
perceive articulated or less reduced utterances as faster than more reduced 
utterances if they are pronounced in the same time frame.  From these 
results, we cannot yet draw a conclusion on how fast or slow they would 
have been perceived if they had been pronounced at rates which each 
level of reduction is most commonly realized at.  
Here is a reasonable guess by this author.  Generally speaking, 
reduced pronunciation is more likely to occur in faster speech while 
careful pronunciation with less reduction is more likely to occur in 
slower speech.  More reduced utterances would be perceptually slower 
if they were pronounced at the same rate as less reduced utterances, but 
more reduced utterances are usually pronounced more quickly than less 
reduced utterances.  Here, effects of reduction and effects of physical 
rate on rate perception cancel each other.  As a result there is no great 
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perceptual difference in rate between more reduced utterances and less 
reduced utterances when they are pronounced at rates which they are 
most commonly pronounced at.
Having said that, if the highly reduced utterance is ever perceived 
as faster than the less reduced utterance as we had hypothesized, I 
would assume it is not because the reduction levels are different, but it is 
because:-
(1) the highly reduced utterance is usually pronounced faster than 
the less reduced utterance, and/or
(2) the highly reduced utterance is not so clearly pronounced and 
thus harder to understand than the less reduced utterance.
Reduced utterances could sound faster not because they are reduced 
but because they tend to be pronounced faster and they are often hard to 
understand.
The motor theory and perceived rate
The motor theory of speech perception (Liberman & Mattingly, 
1985) claims that people can hear gestures in speech.  The participants 
may have judged rate by the rate of articulatory movements they had 
perceived from the stimulus tokens.  For reduced pronunciations people 
move their articulators more economically than careful pronunciations. 
Some of the articulatory movements of careful pronunciations are often 
cut short or omitted in reduced pronunciations.  When extended to the 
same duration as the carefully pronounced token, the reduced token was 
given more time than its fair share to move articulators in accordance 
with its reduction level.  Likewise, when compressed to the same duration 
as the reduced token, the carefully pronounced token was given shorter 
time.  The articulation rate in terms of units produced per unit time was 
exactly the same between the reduced and the carefully pronounced as a 
result of the duration control.  But the rate of articulatory movement was 
slower for the more reduced and faster for the carefully pronounced.  The 
variation in the rate of articulatory movements was easily perceivable to 
the participants.  It could reasonably be the basis of their rate judgments 
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at least in this particular experiment.
Social connotation and perceived rate
Speech rate is associated with various meanings (Schnoebelen, 
2009).  The general impressions created by the stimulus tokens as a 
result of extension and compression could have affected rate perception. 
Here are general impressions that I observed from the tokens.  (Of 
course these general impressions lack objectivity.  But I would venture 
to describe them to help the readers imagine what the tokens sounded 
like.)  The highly reduced token sounded slurred and spoken by someone 
drunk or very tired and sleepy.  The moderately reduced token sounded 
calm, normal, and composed.  The hardly reduced token sounded hasty 
and restless but very fluent.  Table 9 and 10 show a pilot survey run by 
Schnoebelen (2009) on the type of people who are believed to talk fast 
or slowly.  Four items on the list of who talks slowly, namely “tired”, 
“boring”, “bored”, and “drunk”, would correspond to the general 
impressions of the highly reduced tokens which were perceived as the 
slowest in the present experiment.  On the other hand, two items on the 
list of who talks fast, “rushed” and “busy”, would correspond to the 
general impressions of the hardly reduced tokens which were perceived 
as the fastest.  These correspondences would support the idea that the 
general impressions could affect rate perception.
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Table 9  Who talks fast? Survey results from 50 people. (Schnoebelen, 2009)
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Table 10  Who talks slowly? Survey results from 50 people.
 (Schnoebelen, 2009)
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Both the rate of articulatory movements and the general 
impressions could be major cues for rate perception as well as the 
reduction level.  The three tokens had exactly the same articulation rate. 
If the participants had judged rate based solely on the articulation rate, no 
significant difference in perceptual rate would have been observed.  But 
the fact is that both Japanese speakers and English speakers perceived 
a significant difference between the hardly reduced and the other two 
tokens.  Possible cues for the perceptual difference are the reduction level 
variation, the rate of articulatory movement, and the general impressions. 
Effects of these parameters on rate perception seem to be greater for 
Japanese speakers because only Japanese speakers perceived a significant 
difference between the moderately reduced and the highly reduced while 
English speakers did not.
When it comes to the discussion of why Japanese speakers perceive 
English as faster than Japanese, cues for such perception by Japanese 
speakers must be related to something specific to English.  Since there 
is no evidence that English speakers move their articulators particularly 
faster than Japanese speakers, the rate of articulatory movement will 
be excluded as a cue for faster English rate perceived by Japanese 
speakers.  On the other hand, there may be some general impressions of 
English which are specific to English and not to Japanese.  For instance, 
it could be possible that the general impression of English is “fast” from 
the outset.  It may sound tautological to claim that English sounds fast 
because the general impression of English is fast.  But the impression 
may have been imprinted or anchored so deeply in the minds of Japanese 
at their first contact with English that they may not be able to eliminate 
it easily.  This can be a cue for faster perceptual rate of English often 
claimed by Japanese speakers.  
4. Conclusion
Reduction did affect English rate perception by both Japanese 
and English speakers.  However, contrary to our expectations, the more 
reduced utterances were perceived as slower than the less reduced 
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utterances in this particular experiment.  This was largely due to the 
manipulation of the stimulus tokens to elicit reduction, which allowed 
longer time than usual for making economical articulatory movements of 
the more reduced utterances.  It was assumed that if reduced utterances 
are ever perceived as faster, it is not because they are reduced but because 
they tend to be pronounced faster and they are often hard to understand 
particularly for Japanese speakers.  The results also implied that the 
general impressions of the utterance could affect English rate perception 
and that they affect Japanese speakers more than English speakers.
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